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20 Ya 22 24 

SYNTAX 

Management message type 

Number of report types 2 

For (number of report types) { 

Report type 2 

if (Report type == 00) { 

Number of ranging code captured 4 

For (Number of ranging code captured) { 
Ranging code attributes 32 

if (ranging code index == initial ranging 

SIZE (bits) 

code index) { 
Timing adjust 4 

Power level adjust 

Offset frequency adjust 4 

Ranging status) 

CQl payload collected} 
4 

Num of CO 
collected x 5 (for 
5-bit CQICH) or 
x6 (for 6-bit 
CQICH) 

if (Report type == 10) { 

Num of ACH Collected 4 

ACH payload collected) 1x number of 
ACH collected 

if (Report type == 11) { 
Num of ULH ARQ status report 

UL H. ARQ status) 1 x Num of UL - 
HARQ status report 
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SYSTEMAND METHOD FOR UNBALANCED 
RELAYBASED WIRELESS 
COMMUNICATIONS 

BACKGROUND OF THE INVENTION 

0001 1. Statement of the Technical Field 
0002 The present invention relates to the field of wireless 
communications and more particularly to a method and sys 
tem for providing communications using wireless relay net 
works in an unbalanced uplink and downlink arrangement. 
0003 2. Description of the Related Art 
0004 As the demand for high speed broadband network 
ing over wireless communication links increases, so too does 
the demand for different types of networks that can accom 
modate high speed wireless networking. For example, the 
deployment of Institute of Electrical and Electronic Engi 
neers (“IEEE) 802.11 wireless networks in homes and busi 
ness to create Internet access "hot spots” has become preva 
lent in today’s society. However, these IEEE 802.11-based 
networks are limited in bandwidth as well as distance. For 
example, maximum typical throughput from a user device to 
a wireless access point is 54 MB/sec. at a range of only a 
hundred meters or so. In contrast, while wireless range can be 
extend through other technologies Such as cellular technol 
ogy, data throughput using current cellular technologies is 
limited to a few MB/sec. Put simply, as the distance from the 
base station increase, the need for higher transmission power 
increases and the maximum data rate typically decreases. As 
a result, there is a need to support high speed wireless con 
nectivity beyond a short distance Such as within a home or 
office. 
0005. As a result of the demand for longer range wireless 
networking, the IEEE 802.16 standard was developed. The 
IEEE 802.16 standard is often referred to as WiMAX or less 
commonly as WirelessMAN or the Air Interface Standard. 
This standard provides a specification for fixed broadband 
wireless metropolitan access networks (“MANs) that use a 
point-to-multipoint architecture. Such communications can 
be implemented, for example, using orthogonal frequency 
division multiplexing (“OFDM) communication. OFDM 
communication uses a spread spectrum technique distributes 
the data over a large number of carriers that are spaced apart 
at precise frequencies. This spacing provides the “orthogo 
nality” that prevents the demodulators from seeing frequen 
cies other than their own. 
0006. The IEEE 802.16 standard supports high bit rates in 
both uploading to and downloading from a base station up to 
a distance of 30 miles to handle such services as VoIP, IP 
connectivity and other voice and data formats. Expected data 
throughput for a typical WiMAX network is 45 MBits/sec. 
per channel. The 802.16e standard defines a media access 
control (MAC) layer that supports multiple physical layer 
specifications customized for the frequency band of use and 
their associated regulations. This MAC layer uses protocols 
to ensure that signals sent from different stations using the 
same channel do not interfere with each other"collide'. How 
ever, the 802.16e standard does not provide support for multi 
hop networks. 
0007 IEEE 802.16 networks, such as IEEE 802.16 net 
works, can be deployed as multi-hop networks from the sub 
scriber equipment to the carrier base station. In other words, 
in multi-hop networks, the mobile station can communicate 
with the base station directly or through an intermediate 
device. 
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0008. As noted above, the IEEE 802.16e standard does not 
Support multi-hop networks. This standard also does not 
address improving the uplink (mobile station to base station 
peak to average power ratio (“PAPR) while reducing the 
imbalance in the uplink to downlink (base station to mobile 
station) budget. PAPR issues result from the fact that the 
mobile station can not transmit with as much power as the 
base station and because the mobile device is often in motion. 
The resultant imbalance in the uplink (“UL) to downlink 
(“DL) budget results from the difference in the PAPRs in the 
UL and DL directions. For example the typical uplink PAPR 
for an orthogonal frequency division multiplexing 
(“OFDM') wireless communication system is less than the 
PAPR for the downlink. One solution to addressing these 
problems is the use of a relay. However, while the IEEE 
802.16 standard for supporting multi-hop networks has been 
proposed, this standard also does not provide a method or 
arrangement for improving PAPR or a way to reduce the 
imbalance in the uplink to downlink budget. Further, the use 
of a relay in the DL is inherently complex. As such, it is 
desirable to have an arrangement that uses a relay to improve 
the uplink PAPR while reducing the imbalance in the uplink 
to downlink budget. It is further desirable to provide this 
arrangement in a manner that does not require a complex 
relay or set of implantation details and protocols. 

SUMMARY OF THE INVENTION 

0009. The present invention advantageously provides a 
method and system that uses unbalanced wireless communi 
cations between a mobile station and the base station through 
the use of a stationary wireless relay. This unbalanced com 
munication is implemented by using the relay only to relay 
transmissions in the UL direction. In the DL direction, the 
base station transmits directly to the mobile station without 
the use of the relay. 
0010. In accordance with one aspect, the present invention 
provides a method for wireless communication with a mobile 
device in which wireless communication is established with 
the mobile device. A base station is used to transmit directly 
to the mobile device in a downlink direction. A relay node is 
used to transmit to the base station communications received 
in an uplink direction from the mobile station. The relay node 
relays at least a portion of the uplink traffic received from the 
mobile station to the base station. 
0011. In accordance with another aspect, the present 
invention provides a system for wireless communications 
with a mobile station in which a base station engages in 
wireless communication directly with the mobile station in a 
downlink direction. A relay node engages in wireless com 
munication with the mobile station in an uplink direction and 
relays at least a portion of the uplink traffic received from the 
mobile station to the base station. 
0012. In accordance with still another aspect, the present 
invention provides a base station for wireless communica 
tions with a mobile station and a relay node. The base station 
includes a transmitter and a receiver. The transmitter directly 
engages in communications with the mobile station and the 
relay node in a downlink direction. The receiver receives 
wireless communications from the relay node in an uplink 
direction. The mobile station communicates with the base 
station in the uplink direction via the relay node. 
0013 Additional aspects of the invention will be set forth 
in part in the description which follows, and in part will be 
obvious from the description, or may be learned by practice of 
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the invention. The aspects of the invention will be realized 
and attained by means of the elements and combinations 
particularly pointed out in the appended claims. It is to be 
understood that both the foregoing general description and 
the following detailed description are exemplary and 
explanatory only and are not restrictive of the invention, as 
claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014. The accompanying drawings, which are incorpo 
rated in and constitute part of this specification, illustrate 
embodiments of the invention and together with the descrip 
tion, serve to explain the principles of the invention. The 
embodiments illustrated herein are presently preferred, it 
being understood, however, that the invention is not limited to 
the precise arrangements and instrumentalities shown, 
wherein: 
0015 FIG. 1 is a diagram of a system constructed in accor 
dance with the principles of the present invention; 
0016 FIG. 2 is an information flow diagram of a mobile 
station entry process in accordance with the principles of the 
present invention; 
0017 FIG.3 is an information flow diagram of an embodi 
ment of uplink HARQ operation in accordance with the prin 
ciples of the present invention; 
0018 FIG. 4 is an information flow diagram of another 
embodiment of uplink HARQ operation in accordance with 
the principles of the present invention; 
(0019 FIG. 5 is an information flow diagram of a band 
width request, periodic ranging and handoff ranging process 
in accordance with the principles of the present invention; 
0020 FIG. 6 is a table of an exemplary arrangement of a 
MAC layer management response report message con 
structed in accordance with the principles of the present 
invention; and 
0021 FIG. 7 is a table of an exemplary arrangement of a 
MAC layer indication management message constructed in 
accordance with the principles of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0022. As an initial matter, reference may be made hereinto 
“data plane' and “control plane.” In general, the control plane 
includes configured or signaled information that determines 
the overall behavior, mappings, resource allocation and for 
warding parameters that can be applied to all connection 
frames or frames of a service class. Such information is 
typically established and used to set up the network devices 
before any payload traffic is transmitted. Data plane refers to 
the frame processing functions that typically take place in 
real-time on a frame-by-frame basis. 
0023. In accordance with embodiments of the invention, 
various MAC control plane embodiments for use in wireless 
networks using relays are described. While certain embodi 
ments are discussed in the context of wireless networks oper 
ating in accordance with the IEEE 802.16 broadband wireless 
standard, which is hereby incorporated by reference, the 
invention is not limited in this regard and may be applicable to 
other broadband networks including those operating in accor 
dance with other OFDM orthogonal frequency division 
(“OFDM')-based systems including the 3rd Generation Part 
nership Project (“3GPP) and 3GPP2 evolutions. Similarly, 
the present invention is not limited solely to OFDM-based 

Nov. 20, 2008 

systems and can be implemented in accordance with other 
system technologies, e.g., CDMA. 
0024. Referring now to the drawing figures in which like 
reference designators refer to like elements, there is shown in 
FIG. 1, a system constructed in accordance with the prin 
ciples of the present invention and designated generally as 
“10.” System 10 includes base station 12, relay node 14 and 
mobile station 16. Base stations 12 communicate with one 
another and with external networks, such as the Internet (not 
shown), via carrier network 18. Base stations 12 engage in 
wireless communication with relay nodes 14 and/or mobile 
stations 16. Similarly, mobile stations 16 engage in wireless 
communication with relay nodes 14 and/or base stations 12. 
0025 Base station 12 can be any base station arranged to 
wirelessly communicate with relay nodes 14 and/or mobile 
stations 16. Base stations 12 include the hardware and soft 
ware used to implement the functions described herein to 
support the MAC control plane functions. Base stations 12 
include a central processing unit, transmitter, receiver, I/O 
devices and storage such as Volatile and nonvolatile memory 
as may be needed to implement the functions described 
herein. As is described below in detail, the transmitter directly 
engages in communications with the mobile station 16 and 
the relay node 14 in a downlink direction. The receiver 
receives wireless communications from the relay node 14 in 
an uplink direction. The mobile station 16 communicates 
with the base station 12 in the uplink direction via the relay 
node 14. 

0026. Mobile stations 16 can be any mobile station includ 
ing but not limited to a computing device equipped for wire 
less communication, cell phone, wireless personal digital 
assistant ("PDA") and the like. Mobile stations 16 also 
include the hardware and software suitable to support the 
MAC control plane functions needed to engage in wireless 
communication with base station 12 either directly or via a 
relay node 14. Such hardware can include a receiver, trans 
mitter, central processing unit, storage in the form of volatile 
and nonvolatile memory, input/output devices, etc. 
0027. Relay node 14 is used to facilitate wireless commu 
nication between mobile station and base station 12 in the 
uplink (mobile station 16 to base station 12) and/or the down 
link (base station 12 to mobile station 16). A relay node 14 
configured in accordance with the principles of the present 
invention includes a central processing unit, storage in the 
form of volatile and/or nonvolatile memory, transmitter, 
receiver, input/output devices and the like. Relay node 14 also 
includes software to implement the MAC control plane func 
tions described herein. Of note, according to an embodiment, 
base stations 12 and relay nodes 14 implemented in accor 
dance with the principles of the present invention are fixed, 
i.e. non-moving devices, but the invention is not limited to 
such. It is contemplated that these devices may move. Mobile 
stations 16 can be fixed, stationary or moving. 
0028 FIG. 1 shows unbalanced relay operation. As is 
shown by the dashed lines in FIG. 1, mobile station 16 com 
municates with base station 12 via relay node 14 in the uplink 
direction only. Base station 12 communicates in the downlink 
direction directly with mobile station 16. Base station 12 is 
also shown as engaging in bi-directional communication with 
relay node 14 so that base station 12 can receive data from 
mobile station 16 via relay node 14 and engage in MAC 
control plane communications with relay node 14. The unbal 
anced relay arrangement shown in FIG. 1 relieves mobile 
station 16 from concerns over the peak to average power ratio 
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(“PAPR) and reduces the unbalance in the downlink (“DL)/ 
uplink (“UL) link budget. Such occurs, for example, because 
the base station 12 is capable of much higher power transmis 
sion and is much more sensitive on the receiving side than 
mobile station 16 for wireless communications such as 
orthogonal frequency division multiplexed (“OFDM) com 
munications. In other words, within a given area Supported by 
base station 12, using an unbalanced communication arrange 
ment such as that shown in FIG. 1 allows a more even trans 
mission power arrangement on the uplink and downlink 
because mobile station 16 can communicate with relay node 
14 in the UL direction, which is presumably closer to mobile 
station 16 than base station 12 (at least for purposes of the 
present invention). In addition, the present arrangement as is 
shown in FIG. 1 does not require any implementation or 
programmatic Software changes or enhancements to mobile 
station 16 or base station 12 with respect to downlink com 
munication because Such is accomplished directly between 
base station 12 and mobile stations 16 as is known in the art. 

0029. In the uplink direction, base station 12 schedules 
uplink transmission for mobile station 16 and relay node 14. 
Mobile station 16 makes its uplink transmission which is 
received and decoded by relay node 14. Relay node 14 relays 
the traffic to base station 12. Instead of ranging to base station 
12, mobile station 16 ranges to relay node 14. As used herein, 
the term “ranging is used as understood by one of ordinary 
skill in the art. “Ranging refers to the process used in OFDM 
wireless communications to adjust the arrival time for differ 
ent mobile stations 16 communicating with a single base 
station 12. The ranging process is also used to establish the 
transmit power for mobile station 16. The ranging process is 
analogous to a “handshake' between mobile station 16 and its 
communication partner, i.e. relay node 14, in the uplink direc 
tion. 

0030 The inclusion of relay node 14 in the embodiment 
shown in FIG. 1 is transparent to mobile station 16. In other 
words, because DL communication comes from base station 
12 and not relay node 14, mobile station does not know that its 
UL communication is not directly with base station 12 and is 
instead with relay node 14. This arrangement provides a 
suitable low-cost, fixed relay node implementation embodi 
ment. With respect to MAC enhancement, no additional MAC 
capability, e.g., downlink re-fragmentation, Scheduling, etc., 
is needed in this embodiment. Such management messages 
might include, for example, a relay node report message that 
allows a relay node to report ranging codes, channel quality 
index channel and downlink hybrid automated repeat request 
(“HARQ) error control method acknowledgement channels 
and combined uplink traffic HARQ status messages for mul 
tiple mobile stations 16. Another MAC management message 
may include a message sent by base station 12 to relay node 
(“RN’) 14 which enables base station 12 to indicate the 
uplink connection identifications Supported communication 
sessions to a regional node for monitoring and relaying. 
0031. Because base station 12 communicates directly with 
mobile station 16 in the downlink (“DL) direction, no 
change to DL connection and communication processes is 
required from current standards and protocols such as those 
used for orthogonal frequency division multiplexing 
(“OFDM) or those proposed under IEEE 802.16. In the 
uplink (“UL) direction, relay node 14 is used for communi 
cation as noted above. In the UL case, base station 12 sched 
ules the UL transmission. At mobile station 16 transmits in 
the UL direction, and relay node 14 decodes the UL traffic 
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received from mobile station 16 and relays the traffic to base 
station 12. Mobile station 14 “ranges” to relay node 14 with 
the ranging being controlled by base station 12. 
0032. In terms of operation, the present invention advan 
tageously provides an operation that is transparent to mobile 
station 16, thereby allowing current mobile stations to operate 
with relay node 14. Enhancement to the MAC layer is pro 
vided to support relay nodes 14. However, while the present 
invention provides new management messages to facilitate 
operation between mobile stations 16 and relay nodes 14, and 
between relay node 14 and base station 12, the present inven 
tion allows existing relay node pilot design, downlink re 
fragmentation, Scheduling, etc., to be used. 
0033. The present invention provides an arrangement to 
facilitate initial access of mobile station 16 into a wireless 
communication network having relay node 14. Arrangements 
for UL traffic transmission constructed inaccordance with the 
principles of the present invention as well as those related to 
UL control channel payload relay are described. Bandwidth 
request, periodic ranging and handoff (“HO) ranging for 
system 10 are also described. Finally, new MAC management 
messages to Support the arrangement shown in FIG. 1 are 
described. 
0034. The initial access process is used to allow base sta 
tion 12 to know which relay node 14 is supporting mobile 
station 16. Further, it is contemplated that more than one relay 
node 14 can support a mobile station 16. The mobile station 
16 initial access process is described with reference to the 
information flow diagram shown in FIG. 2. Initially, mobile 
station 16 performs DL synchronization and reads the UL 
MAP transmitted by base station 12 (Step S100). Relay node 
14 also receives and reads the UL-MAP. Mobile station 16 
then sends an initial ranging code to base station 12 (Step 
S102). The initial ranging code is also received by relay node 
14 (Step S102). One or more relay nodes 14 detect the trans 
mission of the initial ranging code and report the same to base 
station 12 through a response MAC management message 
(Step S104). As used herein, the MAC management response 
message is indicated as (“RN RN-REP). The RN RN-REP 
MAC management message includes ranging code attributes 
Such as those used for power and timing adjustment to allow 
mobile station 16 to range to relay node 14. 
0035 Base station 12 reserves UL resources for each relay 
node 14 to allow relay node 14 to send the RN RN-REP 
MAC management response message. Base station 12 deter 
mines the capturing relay node 14 (defined herein as the 
“C-RN) that the C-RN 14 will be responsible for capturing 
UL transmission for the mobile station 16 (Step S106). 
0036 Base station 12 informs the C-RN 14 using an indi 
cation message, defined herein as an “RN RN-IND” mes 
sage. Also in Step S106, base station 12 informs mobile 
station 16 of the ranging code and power and timing adjust 
ment through a ranging response MAC management mes 
sage, defined herein as a “RNG-RSP message, that is sent 
along with the UL-MAP. Ranging continues in Step S108 in 
which mobile station 16 sends an initial ranging code to base 
station 12. As with Step S102, relay node 14 also receives the 
initial ranging code and sends an RN RN-REP reporting 
message to base station 12 (Step S110) once relay node 14 
determines the power and timing adjustment. In other words, 
power and time adjustment information is transmitted by 
relay node 14 to base station 12 using an RN RN-REP man 
agement message. As shown in Steps S114 and S116, the 
procedure continues until the time and power of mobile sta 
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tion 16 transmission are aligned. Of note, relay node 14 
monitors the UL-MAP for UL ranging region information 
elements. Once initial ranging is complete, base station 12 
transmits the UL-MAP and the code division multiple access 
(“CDMA) allocation information to mobile station 16 (Step 
S118). This transmission is monitored by relay node 
C-RN14. From time to time, mobile station 16 sends a rang 
ing request message, (shown as Step S120) to ensure power 
and time alignment. This message is monitored by relay node 
14. 

0037 Base station 12 transmits the UL-MAP, RNG-RSP 
message to mobile station 16 along with the assigned UL 
connection IDs (“CID) (Step S122). CID refers to identifi 
cations corresponding to a communication session between 
mobile station 16 and base station 12. The UL-MAP includes 
information elements (“IE) which define what communica 
tion resources are allocated to which mobile stations. Base 
station 12 also sends the UL-MAP and informs relay node 14 
of all UL CIDs assigned to mobile station 16 using a base 
station indication message (defined as “RN BS-IND) (Step 
S124). This arrangement advantageously enables the C-RN 
14 to monitor the UL transmission of mobile station 16 with 
out requiring other DL messages (with the exception of the 
DL-MAP and UL-MAP). As is readily observable in FIG. 2, 
the entire initial access procedure is transparent to mobile 
station 16, i.e., mobile 16 ranges to an RN14 as it would range 
to station 12. 
0038. Once the mobile station 16 initial access procedure 
has been completed, mobile station 16 is able to engage in 
transmission of uplink traffic. As noted above, with respect to 
initial access, C-RN14 obtains the ULCIDs of mobile station 
16 through the RN BS-IND MAC message. C-RN 14 moni 
tors the UL-MAP for uplink resource allocation of mobile 
station 16. 

0039. Because C-RN 14 monitors the UL-MAP and 
knows what resources are allocated to what mobile stations, 
and knows the CIDs of the mobile stations, C-RN 14 can 
detect and relay UL transmission of mobile station 16. The 
present invention also supports UL hybrid automated repeat 
request (“HARQ) operation. The present invention provides 
two embodiments for UL HARQ operation. 
0040. The first embodiment for UL HARQ operation is 
described with reference to the information flow diagram of 
FIG. 3. In accordance with the first HARQ embodiment, one 
or more transmissions received from a mobile station 16 are 
combined by C-RN14 and reported to base station 12. Base 
station 12 creates the UL HARQ acknowledgement/no 
acknowledgement (ACK/NACK) and transmits the UL 
HARO ACK/NACK message to mobile stations 16. Regard 
ing resource assignment for C-RN14 with respect to relaying 
UL traffic, for this embodiment, C-RN14 is allocated enough 
channel resources by base station 12 for Successful transmis 
Sion. This arrangement may waste Some channel resources 
and may delay transmission by one or more frames. 
0041 Referring to FIG. 3 as an example of UL HARQ 
operation for the first embodiment, base station 12 transmits 
the UL-MAP which is received by C-RN 14 and mobile 
station 16 (Step S1126). Mobile station 16 transmits unicast 
traffic on the uplink (Step S128). The unicast traffic is 
received by C-RN 16 in some corrupt/invalid form and C-RN 
14 transmits an RN RN-REP management control message 
indicating NACK to base station 12 (Step S130). Base station 
12 transmits the UL-MAP and uplink HARQ NACK infor 
mation element (which is contained in the UL-MAP) to 
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mobile station 16 (Step S132). That transmission from base 
station 12 is also monitored by C-RN 14. Mobile station 16 
retransmits the unicast traffic on its uplink (Step S134). In the 
case of the example shown in FIG. 3, that transmission is 
successfully received by C-RN14 which in turn transmits an 
R RN-REP MAC management control message to base sta 
tion 12 followed by the actual relay of the traffic (Step S136). 
Of note, although a single mobile station 16 is shown in FIG. 
3, it is understood that, because C-RN 14 is generating the 
HARQ ACK/NACK, that C-RN 14 can combine multiple 
ACK/NACK messages and from multiple mobile stations 16 
and transmit them in single message to base station 12. 
0042. In accordance with the second embodiment for UL 
HARO operation, the HARQ packets are combined at base 
station 12. Such is useful in the case where a mobile station 16 
has more than one C-RN14 in a macro UL diversity arrange 
ment. In accordance with this second embodiment, C-RN14 
relays HARQ bits to base station 12 and base station 12 
combines and creates the UL HARQ ACK/NACK message. 
Resources for C-RN 14UL unicast traffic relay are assigned 
in accordance with this embodiment in an arrangement Such 
that resource is predictable and can be easily assigned. In 
other words, unlike the first option, C-RN 14 need not pre 
allocate channel resources to ensure Successful transmission. 

0043. An example of UL HARQ operation in accordance 
with the second embodiment is described with reference to 
FIG. 4. FIG. 4 shows two C-RN. 14s, labeled (“RN1 and 
“RN2) in FIG. 4 for ease of explanation. Initially, base 
station 12 transmits the UL-MAP to mobile station 14 (Step 
138) RN1 and RN2 monitor this transmission and understand 
the resource allocation to mobile station 16. Mobile station 16 
transmits unicast traffic on the uplink (Step S140). The signal 
is received by RN1 and RN2 which in turn relay the signal to 
base station 12 (Step S142) without combining. Any combin 
ing is done by base station 12. Accordingly, it is possible that 
one of the C-RN14 devices indicates an ACK while the other 
indicates a NACK. Base station 12, through the UL-MAP can 
indicate the HARQ status to mobile station 16 (Step S144) 
with the process repeating as necessary with respect to the 
transmission or retransmission of traffic (Steps S146 and 
S148). 
0044) The present invention provides an arrangement 
under which UL control channel payload is relayed by C-RN 
14 to base station 12. The UL control channel is used to 
facilitate DL transmission and includes a channel quality 
indication channel (“COICH) and a downlink HARQ 
acknowledgement channel (DL HARQ ACK CH). In accor 
dance with the present invention, relay node 14 (C-RN 14) 
detects the uplink control channels corresponding to the 
mobile stations it serves. C-RN 14 combines the information 
carried in the UL control channels received from the multiple 
mobile station 16 into MAC layer messages to send to base 
station 12. Because the uplink resource is used for control 
channel relay by C-RN 14 is predictable, the base station 12 
can reserve wireless communication channel resources for 
each C-RN to dedicate this resource for control channel relay. 
0045 Periodically, mobile station 16 may send a band 
width request, or perform periodic ranging or HO ranging. 
With periodic type requests such as these, it is noted that the 
operation of code transmission and capture with respect to 
UL-MAP transmission by base station 12 and processing by 
mobile station 16 are the same as initial ranging, described 
above. Once the code has been captured, C-RN 14 combines 
the bandwidth request, periodic ranging and HO ranging 
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messages from multiple mobile stations 16 and transmits the 
combined messages to base station 12. Once the code is 
captured, operation to process and address the bandwidth 
request, periodic ranging or HO ranging can proceed as is 
known in the art, such as using the IEEE 802.60e standard. 
0046. The bandwidth request, periodic ranging and HO 
ranging process of the present invention is described with 
reference to the information flow diagram of FIG. 5. Initially, 
base station 12 transmits the UL-MAP to mobile station 16 
(Step 150). UL-MAP transmission is also monitored by 
C-RN 14. During operation, mobile station 16 transmits a 
bandwidth request, periodic ranging or HO ranging code 
(Step S152). This transmission is received by C-RN14. C-RN 
14 combines the information related to this transmission with 
other bandwidth request, periodic ranging or HO ranging 
transmissions received from other mobile stations 16 (not 
shown) and generates and transmit a message to base station 
12 in the form of an RN RN-REP control message (Step 
S154). Base station 12 transmits a UL-MAP to mobile station 
12 which includes an assignment of resources for further 
processing relating to the bandwidth request, periodic rang 
ing or HO ranging (Step S156). 
0047. The present invention provides MAC management 
messages to Support the operations described herein. In par 
ticular, the RN-RN REP response message described above 
and the RN BS IND indication message described above are 
defined herein. Each is discussed in detail. 
0048. The RN-RN REP response report message enables 
the C-RN 14 to report to base station, (1) the ranging code 
captured and the timing, frequency and power level adjust 
ment needed for initial ranging, (2) the CQICH information 
collected from various mobile stations 16, (3) the DL HARQ 
ACK information collected from various mobile stations 16, 
and (4) the uplink traffic relay for the combined HARQ status 
received from mobile stations 16. 
0049. An exemplary arrangement of an RN-RN REP 
MAC management message is described with reference to 
FIG. 6. Report message formattable 20 includes a syntax field 
22 and the field size 24, in bits, of the corresponding field 22. 
Of note, the field size 24 shown in FIG. 6 is merely exemplary, 
it being understood that the field size 24 corresponding to 
each field 22 within the report message can be larger or 
Smaller depending on the desired implementation. As such, 
the present invention is not limited to the specific field size 24 
shown in FIG. 6. 
0050. In addition, it is contemplated that the report NACK 
message may include fewer fields 22 and report types as 
shown in FIG. 6. The report message includes a management 
message type field and a field defining the number of possible 
report types for which information is included in the report 
message. The management message type field is used to 
indicate that the MAC message is a report message. The 
report message also includes a report type field to identify the 
corresponding types of data present in the report message. For 
example, where the two bit field indicating the report type is 
“00, the following fields include a four bit field for the 
number of the ranging codes captured and, for each captured 
ranging code from mobile stations 16, the corresponding 
ranging code attributes. Where the ranging code is equivalent 
to an initial ranging code, fields are provided for timing 
adjustment, power level adjustment, offset frequency adjust 
ment and ranging status. 
0051 Regarding ranging code attributes, for example, the 

first 8 bits can represent the 8 significant bits of the frame 
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number of the OFDM 8 frame where the mobile Station 16 
sent the ranging code. Bits 8 through 15 can be used to 
indicate the ranging code index that was sent by the mobile 
station 16. Bits 16 through 21 can be used to indicate the 
OFDM sub-channel reference that was used to transmit the 
code and bits 22 through 31 can be used to indicate the OFDM 
time symbol reference that was used to transmit the ranging 
code. Where the ranging code index indicates timing adjust 
ment, a signed 32 bit number can be used to represent the 
timing adjustment where each unit is specific to the physical 
transmission. Where the ranging code index indicates a power 
level adjustment, the power level adjustment can indicate and 
offset in 0.25 dB increments. Regarding the offset frequency 
adjustment, the adjustment can be indicated which each 
adjustment unit is 1 Hz. Finally, the ranging status can be used 
to indicate whether the uplink transmission is received within 
acceptable limits by the C-RN 14. 
0052. Where report type is a “01 indicating, for example, 
CQICH information, a field is provided to indicate the num 
ber of relay nodes for which CQI information has been col 
lected, and fields for the reporting the CQI payload. For 
example, the CQI collected payload can be a five bit or six bit 
field for each mobile station 16 for which CQI has been 
collected. The CQI payload and ACK payload are listed in the 
order of a CQICH index which is assigned by C-RN 14 to 
mobile station 16 being serviced by the C-RN 14. 
0053. Where the report type is a “10” indicating the col 
lection of HARQ ACK information, a field is provided to 
indicate the quantity of mobile station 16 for which HARQ is 
being reported. Where the report type is indicated as a “11” 
indicating for example, the reporting of combined UL traffic 
relay HARQ status information, a field is provided to indicate 
the number of mobile station 16 for which the HARQ status is 
being reported, and a one bit field to report each of the uplink 
HARO status bits. The UL HARQ status used to indicate 
whether the UL transmission was received within acceptable 
limits by the C-RN 14. 
0054 The indication MAC management message (RN 
BS-IND) is explained with reference to FIG.7. The indication 
messages, as discussed above, are sent by base station 12 to 
C-RNs 14 to enable base station 12 to indicate the ULCIDs to 
a C-RN 14 for subsequent monitoring and relaying of traffic 
and management information. In the case where efficient 
ranging is Supported, the assigned dedicated ranging 
resource, i.e., code index, is included in the indication mes 
sage to a C-RN 14. Ranging means that mobile station 16 
initially sends ranging codes to base station 12 and, if the base 
station 12 or C-RN/16 needs to make adjustment, it does so 
and assigns ranging codes at the same time. 
0055 FIG. 7 shows table 26 which provides an exemplary 
field format for the indication MAC message. Table 26 
includes syntax field 28 and field size 30. As with the discus 
sion above regarding the report message, the fields and sizes 
shown are merely exemplary, it being understood that the 
field size is not limited to the size shown in FIG. 7 and the 
specific fields and arrangement of the fields shown in Syntax 
column 28 are not considered limiting. The MAC type field is 
used to indicate that the MAC message is an indication mes 
sage (RN BS IND). A 4 bit field is also provided to indicate 
the number of CIDs for which information is included. 

0056. For each of the CIDs, the CID is included as well as 
an indication of the number of dedicated ranging resource 
assignments for each CID. For each of the dedicated ranging 
resource assignments, a code index field is provided. 
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0057 The present invention advantageously provides an 
imbalanced relay system which parlays the typical high qual 
ity transmission associated with the base station 12 to relay 
node 14 due to the stationary nature of relay node 14 which in 
turn allows a high data rate. As such, relay node 14 is able to 
combine various messages received from multiple mobile 
stations 16 and transmit those in a single, high data rate, 
packet to base station 12. The result is that system designers 
are relieved from concerns over mobile station uplink PAPR, 
and the DL/UL link budget imbalance is reduced. The present 
invention also avoids a situation where a relay node 14 would 
have to re-fragment DL transmission from relay node 14 to 
mobile station 16. Instead, conventional transmission is used 
on the DL because the base station's ability to transmit at a 
higher power level on the downlink than the mobile station 
can transmit on the uplink. The UL is preserved. The present 
invention may therefore allow the use of OFDM to gain the 
benefits therefrom, but avoids the need to implement a com 
plex relay that accommodates both UL and DL relay opera 
tions. 
0058. The present invention can be realized in hardware, 
Software, or a combination of hardware and Software. Any 
kind of computing system, or other apparatus adapted for 
carrying out the methods described herein, is Suited to per 
form the functions described herein. 
0059 A typical combination of hardware and software 
could be a specialized or general purpose computer system 
having one or more processing elements and a computer 
program stored on a storage medium that, when loaded and 
executed, controls the computer system such that it carries out 
the methods described herein. The present invention can also 
be embedded in a computer program product, which com 
prises all the features enabling the implementation of the 
methods described herein, and which, when loaded in a com 
puting system is able to carry out these methods. Storage 
medium refers to any volatile or non-volatile storage device. 
0060 Computer program or application in the present 
context means any expression, in any language, code or nota 
tion, of a set of instructions intended to cause a system having 
an information processing capability to perform a particular 
function either directly or after either or both of the following 
a) conversion to another language, code or notation; b) repro 
duction in a different material form. In addition, unless men 
tion was made above to the contrary, it should be noted that all 
of the accompanying drawings are not to scale. Significantly, 
this invention can be embodied in other specific forms with 
out departing from the spirit or essential attributes thereof, 
and accordingly, reference should be had to the following 
claims, rather than to the foregoing specification, as indicat 
ing the scope of the invention. 

1. A method for wireless communications with a mobile 
device, the method comprising: 

establishing wireless communications with the mobile 
device; 

using a base station to transmit directly to the mobile 
device in a downlink direction; and 

using a relay node to transmit to the base station commu 
nications received in an uplink direction from the mobile 
station, the relay node relaying at least a portion of the 
uplink traffic received from the mobile station to the base 
station. 

2. The method according to claim 1, wherein establishing 
wireless communication with the mobile device includes: 
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receiving, at the relay node, an initial ranging code trans 
mitted by the mobile station, the initial ranging code 
including ranging code attributes; 

determining a capture relay node that will service uplink 
data communications received from the mobile station; 
and 

generating a relay node report message, the relay node 
report message including the ranging code attributes and 
power and timing adjustment databased on the received 
initial ranging code. 

3. The method according to claim 2, wherein establishing 
wireless communication with the mobile device further 
includes transmitting a relay node indication message to the 
relay node, the relay node indication message including an 
uplink connection identifier. 

4. The method according to claim 2, wherein the relay node 
relays communications received from the mobile device to 
the base station corresponding to the uplink connection iden 
tifier. 

5. The method according to claim 1, further comprising 
generating a relay node report message, the relay node report 
message including channel quality indication messages 
received from a plurality of mobile stations. 

6. The method according to claim 1, further comprising 
generating a relay node report message, the relay node report 
message including uplink HARQ messages received from a 
plurality of mobile stations. 

7. The method according to claim 1, further comprising 
generating a relay node report message, the relay node report 
message including data indicating whether the uplink trans 
mission received by the relay node from the mobile station 
was received within acceptable limits. 

8. The method according to claim 1, further comprising 
generating a relay node report message, the relay report mes 
sage includes data corresponding to whether uplink transmis 
sions received by the relay node from each of a plurality of 
mobile stations was received within acceptable limits. 

9. The method according to claim 1, further including 
reserving communication resources at the base station to 
service uplink communications received from the relay node. 

10. A system for wireless communications with a mobile 
station, the system comprising: 

a base station, the base station engaging in wireless com 
munication directly with the mobile station in a down 
link direction; and 

a relay node, the relay node engaging in wireless commu 
nication with the mobile station in an uplink direction 
and relaying at least a portion of the uplink traffic 
received from the mobile station to the base station. 

11. The system according to claim 10, wherein: 
the base station determines a capture relay node that will 

service uplink data communications received from the 
mobile station; and 

the relay node that will service uplink data communica 
tions received from the mobile station generates a relay 
node report message and transmits the relay node report 
message to the base station, the relay node report mes 
Sage including the ranging code attributes and power and 
timing adjustment data based on the received initial 
ranging code. 

12. The system according to claim 11, wherein the base 
station transmits a relay node indication message to the relay 
node, the relay node indication message including an uplink 
connection identifier. 
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13. The system according to claim 11, wherein the relay 
node relays communications received from the mobile device 
to the base station corresponding to the uplink connection 
identifier. 

14. The system according to claim 10, wherein the relay 
node generates a relay node report message, the relay node 
report message including channel quality indication mes 
sages received from a plurality of mobile stations. 

15. The system according to claim 10, wherein the relay 
node generates a relay node report message, the relay node 
report message including uplink HARQ messages received 
from a plurality of mobile stations. 

16. The system according to claim 10, wherein the relay 
node generates a relay node report message, the relay node 
report message including data indicating whether the uplink 
transmission received by the relay node from the mobile 
station was received within acceptable limits. 

17. The system according to claim 10, wherein the relay 
node generates a relay node report message, the relay report 
message includes data corresponding to whether uplink trans 
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missions received by the relay node from each of a plurality of 
mobile stations was received within acceptable limits. 

18. The system according to claim 10, wherein the base 
station is configured with pre-reserved communication 
resources to service uplink communications received from 
the relay node. 

19. A base station for wireless communications with a 
mobile station and a relay node, the base station comprising: 

a transmitter, the transmitter directly engaging in commu 
nications with the mobile station and the relay node in a 
downlink direction; and 

a receiver, the receiver receiving wireless communications 
from the relay node in an uplink direction, the mobile 
station communicating with the base station in the 
uplink direction via the relay node. 

20. The base station according to claim 19, wherein the 
base station determines which one or more relay nodes will 
service the mobile device. 

c c c c c 


